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Abstract 
This article studies feature extraction of acoustic signals based on complex Morlet wavelet. Since, parameter 
optimization is the important and difficult point of complex Morlet wavelet application. In this article, a new 2-
parameter process optimization algorithm is proposed, i.e., ascertaining a parameter, getting the optimized value of 
the other parameter, and then repeating the process until the system performance index is satisfied. Based on the 
optimal wavelet scalogram obtained from applying wavelet transform to typical acoustic emission (AE) signal, the 
region segmented location method is designed to judge exactly the number of AE signal feature frequencies whose 
exact values are then calculated. By this way, the error induced by misjudgment and misreading can be avoided 
effectively. Finally, the optimal complex Morlet wavelet obtained from 2-parameter process optimization algorithm is 
compared with the extraction results of the traditional Morlet wavelet on acoustic signal feature. Simulation results 
show that such methods can improve precision of acoustic signal feature extraction and have good engineering value. 
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1. Introduction 
More and more research on the application of acoustic method in rotating machinery fault diagnosis 
has been published [1]. Feature extraction of acoustic signal is the important and the difficult point in 
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these studies [2]. Although, Liao Chuanjun [3] presented a reassigned wavelet scalogram method to solve 
the problem of larger feature area existed in literature [4], it still can not overcome the shortcomings of 
misjudgment, misunderstanding and the follow-up procedure’s limits to the automatic processing caused 
by the dependence on the human’s operation, that exist in wavelet scalogram analysis. 
To solve above problems, this paper designs the region segmented location method and realizes 
accurate feature extraction of typical acoustic emission signals, and gives quantitative analysis results. 
Because there usually exists big errors in characteristic frequency obtained by the analysis method of 
Morlet wavelet scalogram, this paper proposes a method combining complex Morlet wavelet scales 
spectrum analysis method and region segmented orientation method. 2-parameter process optimization 
algorithm has been proposed to realize the high precision extraction of characteristic frequency.  
2. Complex Morlet wavelet and parameter optimization 
2.1. Complex Morlet wavelet scalogram analysis 
Compared with Morlet wavelet, the center frequency and bandwidth parameter of complex Morlet 
wavelet is adjustable, thus, it has more flexibilities in the bearing fault feature extraction. Complex Morlet 
wavelet is defined as follows:  
22 /( ) / ,c bj f t t f bt e e f
πψ π−=                                                                   (1) 
where bf  is the bandwidth parameter, cf  is the center frequency. The formula of time and frequency 
resolutions of the complex Morlet wavelet can be found in literature [5] and written as follows: 
/ 2, 1/(2 ).c b c bt f f f f fπΔ = Δ =                                                            (2) 
Note that the time and frequency resolutions of the wavelet transform depend on the mother wavelet 
function. So, the parameters cf  and bf  can be adjusted to obtain appropriate time-frequency resolutions. 
Traditional research on parametric optimization of complex Morlet wavelet is aimed at cf  and bf , with 
no consideration of time-frequency resolution’s effect on bearing fault feature extraction. To solve this 
problem, this paper proposes and defines wavelet resolution parameter, complex Morlet wavelet 
resolution parameter is defined as: 
.r c bf f f=                                                                            (3) 
2.2. Parameter optimization of complex Morlet wavelet 
To meet need in the practical applications, 2-parameter process optimization algorithm has been 
proposed, and the steps are as follows:  
 (1) Two variable parameters have been set as cf  and rf . Given an initial range of the center 
frequency [ , ]cf L R∈ and the step of the center frequency fcτ . And also given an initial range of the 
complex Morlet wavelet resolution parameter [ , ]rf J K∈ and the step of it frτ . Given an initial value of 
the complex Morlet wavelet resolution parameter ˈ [ , ]r lofrf C J K= ∈ .  
(2) While r lofrf C= , by applying region segmented location method, we can get feature point error 
curves changing with cf  and finally obtain the local optimal center frequency lofcC . 
(3) While c lofcf C= , by applying region segmented location method, we can get feature point error 
curves changing with rf  and finally obtain the local optimal center frequency lofrC .  
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(4) If lofrC  is equal to the former one value or lofcC  is equal to the former one value, the program 
would be ended and the last values of lofrC and lofcC  are the optimal parameters of the complex Morlet 
wavelet. If not, the program would jump to the step (2). 
3. Region segmented location method 
The procedure of region segmented location method is as follows: 
(1) Filter the wavelet spectrum of the acoustic signal to eliminate the noise, so that characteristic 
frequency can be extracted precisely.  
(2) Time Wavelet Scalogram: Time wavelet scalogram can be obtained by projecting the wavelet 
spectrum onto the time domain. 
(3) Edge Detection: Suppose ( ),x t t R∈  is the signal that is going to be processed by the edge 
detecting method. If 1it  satisfies the following conditions: 
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then 1it  is a lower edge point of signal ( )x t . If 2it  satisfies the following conditions: 
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then 2it  is an upper edge point of signal ( )x t . In the formulas, 1 2,i it t R∈ , and 0σ >  is a customized 
threshold. They are used to measure the time during which the power is always zero. Effectively 
separating each feature point will not be done if the threshold is too high. On the other hand, false feature 
point will be introduced if the threshold is too low. Therefore, we need to choose the appropriate 
threshold according to different applications. 0Δ > is another customized threshold which is used to 
determine the critical point, and it is very small. 
(4) The filtered wavelet scalogram can be segmented on the basis of the point on the time edge 
obtained in the above step. 
(5) Figure out the maximum point of each segmented region. The maximum point is just where the 
feature point is. Then, feature frequency and occurrence time of the fault point can be obtained. 
4. Simulation analysis 
D. Mitrakovic [6] proposed a model, in which typical AE signals could be simulated by three different 
kinds of exponential decay signal. The detailed information of the typical AE signals can be found in 
literature [3].  
4.1. Feature extraction based on traditional Morlet wavelet scalogram 
Table 1 shows the values of typical AE signals’ feature points and corresponding errors are introduced 
by applying region segmented location method to Morlet wavelet scalogram. From Table 1, it can be seen 
that the feature points of AE signals can be extracted automatically. But the maximum error obtained by 
this method is 3.274%. Thus, it has the weakness of big error.  
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Table 1. Feature points and corresponding errors 
Feature Points Time (ms) Frequency (kHz) Time Error (%) Frequency Error (%) 
1 0.406 67.708 1.5 3.274 
2 0.608 58.036 1.33 3.274 
3 0.806 81.25 0.75 0.794 
4.2. Feature extraction based on complex Morlet wavelet 
The two optimal parameters of complex Morlet wavelet, which are selected according to the need of 2-
parameter process optimization algorithm, are the center frequency 0f  and the resolution parameter rf . 
At first, the resolution parameter 2rf = , the range of the center frequency [0.5,4]cf ∈ and the step of the 
center frequency 0.5frτ =  are initialed. Then, through applying region segmented location method, we 
can get the local optimal center frequency (2.5Hz). In the same way, the local optimal resolution 
parameter ( 5rf = ) also could be obtained. So the circulates don’t stop until the local optimal resolution 
parameter and local optimal center frequency are fixed or the biggest error meets the demand of precision.  
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Fig. 1 Feature frequency error curves changing with fc         Fig. 2 Feature time positioning error curves changing with fc 
The last step of the optimization algorithm is given in the blow. At this time, the local optimal 
resolution is 5. Fig. 1 and Fig. 2 show us the feature point error curves changing along with the wavelet 
center frequency. It can be seen from figure 1 and figure 2 that when center frequency is 2.5Hz, the 
maximum error of frequency and time position are both the smallest. The local optimal center frequency 
is fixed, so, it has satisfied the program termination conditions. Then, we can get the optimal parameters: 
5rf = , 2.5cf = . Through formula (3) the optimal bandwidth parameter 4bf = could be obtained.  
Applying the optimal complex Morlet wavelet obtained above, we can get the filtered wavelet 
scalogram of the typical AE signal, which is showed in Fig.3. Then, time wavelet scalogram shown in Fig. 
4 could be achieved through projecting the wavelet scalogram in Fig. 3 onto the time domain.  
Thirdly, segmenting time wavelet scalogram can be realized by applying signal energy edge detecting 
method to time wavelet scalogram. Then the feature frequency, the feature frequency error, the 
orientation time and the time error would be obtained by region segmented orientation method, just as the 
Table 2 shows.  
468   Ping He et al. /  Procedia Engineering  15 ( 2011 )  464 – 468 
0 0.5 1
30
40
50
60
70
80
90
100
Time (ms)
Fe
at
u
re
 fr
e
qu
e
n
cy
 
(kH
z)
     
0 0.2 0.4 0.6 0.8 1
0
5
10
15
20
25
30
Time (ms)
Po
w
e
r 
(W
)
 
Fig. 3 Optimal complex Morlet wavelet scalogram                                  Fig. 4 Time wavelet scalogram 
Table 2. Feature points and corresponding errors 
Feature Points Time (ms) Frequency (kHz) Time Error (%) Frequency Error (%) 
1 0.402 69.4444 0.5 0.7937 
2 0.600 59.5238 0 0.7937 
3 0.800 80.6452 0 0.8065 
Comparing Table 2 with Table 1, it can be seen that using optimal complex Morlet wavelet scalogram 
can decrease the maximum frequency error from 3.27% to 0.8065%, and to decrease the maximum time 
location error from 1.5% to 0.5%. Therefore, optimal complex Morlet wavelet scalogram analysis is 
effective in improving acoustic signal feature accuracy.  
5. Conclusion 
This paper proposes a new 2-parameter process optimization algorithm to optimize complex Morelt 
wavelet. Then, based on the optimal complex Morlet wavelet, the region segmented location method is 
designed to extract the features of the typical acoustic emission signal. Simulation results show that, the 
new method proposed by the author could improve the accuracy of acoustic signals’ feature extraction.  
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